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One fundamental assumption often made in the literature on unawareness is that risk preferences are invariant to changes of awareness. We study how exposure to unawareness aects choices under risk. Participants in our experiment choose repeatedly between varying sure outcomes and a lottery in 3 phases. All treatments are exactly identical in phase 1 and phase 3, but dier in phase 2. There are ve dierent treatments pertaining to the lottery faced in phase 2: The control treatment (i.e., a standard lottery), the treatment with awareness of unawareness of lottery outcomes but known number of outcomes, the treatment with awareness of unawareness of outcomes but with unknown number of outcomes, the treatment with unawareness of unawareness of some outcomes, and the treatment with an ambiguous lottery. We study both whether behavior diers in phase 3 across treatments (between subjects eect) and whether dierences of subjects' behavior between phases 1 and phase 3 diers across treatments (within subject eects). We observe no signi cant treatment eects.
Introduction
The economics literature assumes that risk preferences do not change when perceiving new information. While this assumption may be justified when receiving standard information that is perfectly anticipated and foreseen, it is less compelling when conceiving of novel facts of which the decision maker was previously unaware. Unawareness refers more fundamentally to the lack of conception rather than the lack of information (see Schipper, 2015 , for a survey). Nevertheless the literature on unawareness also assumes that risk preferences are not affected by changes of awareness. For instance, all approaches to extensive-form games with unawareness in the literature (Feinberg, 2012 , Grant and Quiggin, 2013 , Halpern and Rêgo, 2014 , Heifetz, Meier, and Schipper, 2013b ; see Schipper, 2014 , for a nontechnical review) assume implicitly that utilities associated with terminal histories are unaffected by awareness. 1 In work on updating under changes of awareness by Vierø (2013, 2015 ) the assumption of risk preferences being invariant to changes of awareness is the key axiom for linking preferences before and after becoming aware. Schipper (2013) In this paper we report on a preliminary test of this assumption. We conduct an experiment in which we first measure participants' certainty equivalents for a lottery in phase 1, then expose participants to lotteries with various degrees of unawareness of outcomes (depending on the treatment) in phase 2, and then in phase 3 we remeasure participants' certainty equivalents for the first lottery. This design allows us to test the null-hypotheses that certainty equivalents do not differ between treatments (of various forms of unawareness) and within subjects (after being exposed to various forms of unawareness). Somewhat to our surprise, we cannot reject the null-hypotheses in our data.
One challenge of exposing participants to lotteries with unawareness of outcomes is how to describe the information about likelihood of outcomes to participants since probabilities must add up to one. We circumvent this difficulty by specifying the relative likelihood of outcomes of which participants aware of rather than probabilities. That is, instead saying that this or that outcome has such and such probability, we say that this outcome is x-times as likely as that outcome.
Our design allows us to study various notions of unawareness. Besides unawareness (i.e., Fagin and Halpern, 1988, Heifetz et al., 2006) , we also consider versions of awareness of un-awareness. This is relevant because in many circumstances a decision maker may realize that she is unaware of something. Awareness of unawareness has been epistemologically studied byÅgotnes and Alechina (2007), Board and Chung (2011), Rêgo (2009, 2013) , Sillari (2008) and Walker (2014) (see Schipper, 2015 , for a survey). We consider two versions of awareness of unawareness. In the first version, the decision maker realizes that she is unaware of some outcomes and does not know how many outcomes there could be. In the second version of awareness of unawareness, the decision maker realizes that she is unaware of some outcomes and knows exactly how many outcomes she is unaware of. The latter version of awareness of unawareness has been implicitly used in the literature on incomplete contracting by Maskin and Tirole (1999) who assume that agents may not foresee physical contingencies but are able to foresee exactly the number of contingencies (see Ma and Schipper, 2015 , for an extension to asymmetric information). Karni and Vierø (2015) study subjective expected utility under awareness of unawareness and changes thereof. Again, the assumption that risk preferences are invariant to changes of awareness is their key axiom for linking preferences before and after changes of awareness. We also add a treatment with just ambiguity, i.e., in which the probability distribution over outcomes is not completely specified, in order to find out whether the effect of exposure to ambiguity on risk preferences is different from the effect of exposure to various notions of unawareness on risk preferences.
We are not the first ones who attack experimentally the question of whether risk preferences are invariant to exposure of varying degrees of ignorance. We were inspired by Mengel, Tsakas, and Vostroknutov (2015). They present an experiment in which participants first choose between a fixed lottery and varying sure outcomes. There are three treatments that differ in the amount of information available about the lottery. In a second phase, which is identical in all treatments, participants choose between different lotteries and sure outcomes with all information available. The main finding is that participants who have been exposed to imperfect information become more risk averse in the second task. We discuss the similarities and differences between their and our experiment in Section 5.
The paper is organized as follows. The next section presents the hypotheses, which is followed by the exposition of the experimental design in section 3. Our results are reported in Section 4 and subsequently discussed in Section 5. An Appendix collects further details on the experiment such as instructions, screenshots and some additional analysis.
Hypotheses
We assume that participants have a von Neumann-Morgenstern utility both before and after being exposed to unawareness. Let X be a finite set of monetary prizes. A lottery p is a probability distribution over X. Given the set of lotteries ∆(X), decision maker i has a preference relation i on ∆(X) that satisfies completeness, transitivity, continuity, and independence if and only if there exists a utility function u i : X −→ R such that for any p, q ∈ ∆(X), p i q if and only if
of decision maker i for lottery p is defined by u i (c i (p)) = U i (p). It is the amount of money that makes the decision maker indifferent between accepting that amount or the lottery.
We like to compare preferences of decision makers for the same set of well-specified lotteries before (i.e., phase 1) and after (i.e., phase 3) being exposed to unawareness. We denote by c 1 i (p) and c 3 i (p) the certainty equivalents for lottery p before and after being exposed to unawareness. Following standard terminology (Pratt, 1964) , we say that decision maker i is more risk averse after being exposed to unawareness if for all p ∈ ∆(X),
, that is if she accepts a smaller certainty equivalent after being exposed to unawareness. It follows from Pratt (1964) that a decision maker is more risk averse after exposure to unawareness if and only if whenever she prefers the lottery over some certain outcome after being exposed to unawareness, she must also prefer it before being exposed to unawareness.
We consider the particular lottery p (given in Table 1 ) both in phases 1 and 3. By letting participants in the experiment choose repeatedly between this lottery and various sure payments, we can approximate participant i's certainty equivalents c 1 i (p) and c 3 i (p) in phases 1 and 3, respectively. Our treatments involve exposing subjects to varying degrees of unawareness (see the next section) in phase 2. Our null-hypotheses are as follows:
Hypothesis 1 (Between-subjects) The certainty equivalents in phase 3, c 3 i (p), do not differ across treatments.
Hypothesis 2 (Within-subjects) The differences of certainty equivalents of phases 1 and 3,
, do not differ from zero across treatments.
Note that if we reject the null hypotheses then there is very strong evidence that risk preferences are affected by unawareness. If we do not reject the null hypotheses then we cannot conclude that risk preferences are not affected by unawareness. This is because we just compare one lottery and its certainty equivalent. That is, if we cannot reject the null-hypotheses then at best this may be taken as evidence that "locally" (i.e., for some lotteries) subjects behave as if risk preferences are unaffected by unawareness. It may well be the case that for some other lottery the participant's certainty equivalent may be affected by unawareness. Clearly, it would be infeasible to design an experiment involving all lotteries in ∆(X). So the current approach may be understood as a preliminary test. See Section 5 for further discussions.
Experimental Design
Participants were recruited from the campus of the University of California, Davis, using the ORSEE recruitment system by Greiner (2004) . This experiment was advertised as "a lab experiment on decision-making" mostly via emails from undergraduate coordinators, graduate coordinators and teaching assistants. All treatments were programmed in z-tree (Fischbacher, 2007) . All sessions were conducted in computer classrooms on the campus of the University of California, Davis, between May 18 and 26, 2015.
Upon arrival at the computer classroom, participants were seated randomly at computer terminals. Participants were given consent forms to read and sign. Participants were also given instructions to read (see Appendix A.1). An experimenter then collected the signed consent forms. At every session, the same experimenter was present to explain the instructions.
After making sure there was no question about the experiment, experimenters started z-tree program, and participants made their choices on computers. Once finished with the choices on the computer, each participant was handed a paper questionnaire by the experimenter to fill in. At the end of the experiment, experimenters called participants by their computer terminal numbers one-by-one to issue the money payments, and also collected the filled-in questionnaires.
The experiment consisted of 3 phases, in each phase there were 16 periods. Altogether there were 48 periods. Phase 1 comprised of periods 1 to 16, phase 2 of periods 17 to 32, and phase 3 of periods 33 to 48. In each period, participants chose between a lottery and a sure payment. The sure payment varied from period to period. When a lottery was chosen by the participant, then lottery was played out immediately. The realizations were generated independently for each participant. The realized outcome of the lottery was immediately displayed to the participant, and such outcome was the reward of that period. If the sure payment was selected by the participant, the sure payment was the reward of that period, and the lottery was not played out. Table 1 represents the lottery in phase 1 and phase 3. The lottery has five outcomes. The expected value of the lottery is $13.39, and the standard deviation is 5.07. The sure payments vary in random order from $9.00 to $16.50 with a $0.50 interval. Participants observed both outcomes as well as associated relative likelihoods in all periods in phase 1.
In the instruction of the experiment, we illustrated the meaning of relative likelihoods with a bar chart. Actual screenshots from the experiment are shown in Appendix A.3. To emphasize, in the entire experiment, phase 3 was identical to phase 1. That is, the lotteries in phase 3 were the same as the lottery in phase 1, and the sure payments in phase 3 occurred in the same random order as in phase 1. But the random order of sure payments varied independently among participants.
There are 5 treatments in total. All treatments are identical in phases 1 and 3. They just differ in phase 2. The difference is the amount of information provided to the subjects about the lottery in phase 2. In phase 2, the lottery is different from phase 1 and phase 3, but it still has five outcomes. Table 2 represents the lottery in phase 2. The expected value of the lottery is $13.00, and the standard deviation is 7.18. The sure payments vary from $9.00 to $16.50 with a $0.50 interval, the same as in phase 1 and 3. In phase 2 of Treatment C (control treatment), there was perfect information about the lottery. That is, both the five outcomes and the relative likelihoods of each outcome were described to participants.
Treatment U (treatment with unawareness of unawareness) is the focus of our experiment. In phase 2 of Treatment U, participants were initially aware of a subset of outcomes of the lottery, i.e., $14.00, $20.00, and $25.00, and their relative likelihoods. They were unaware of the existence of further outcomes. They may discover further outcomes during phase 2. If the lottery was chosen by participants, and the realized outcome was previously hidden, i.e., $0.00 (or $8.00), there was a notice in red color displayed on the screen: "Surprise! The lottery has actually another possible payment of $0.00 (or $8.00), which was not described on the previous page!" Moreover, this outcome and its relative likelihood were displayed in later periods. Appendix A.3 presents actual screenshots for the treatment.
Note that Treatment U would be impossible to conduct if lotteries were presented with probabilities instead of relative likelihoods. We use relative likelihood rather than probabilities as it allows us to also quantify uncertainty for outcomes even in case when not all outcomes of the lottery is disclosed, which is not only relevant for Treatment U but also for the next two treatments discussed.
In phase 2 of Treatment AU1 (treatment with awareness of unawareness of outcomes and with known number of outcomes), participants were initially aware of a subset of outcomes, i.e., $14.00, $20.00, and $25.00, and their relative likelihoods. In contrast to treatment U, they were also aware that there were hidden outcomes. Each hidden outcome and its relative likelihood were represented by a column of question marks "?" (see Figure 6 in Appendix A.3). Therefore, they knew that the total number of outcomes was five. Similar to Treatment U, if the lottery was chosen by participants, and the hidden outcome was realized, there was a notice in red color displayed on the screen: "Surprise! The lottery has actually another possible payment of $0.00 (or $8.00), which was not described on the previous page!" Moreover, this outcome and its relative likelihood were displayed in later periods. Appendix A.3 presents actual screenshots for the treatment.
In phase 2 of Treatment AU2 (treatment with awareness of unawareness of outcomes and with unknown number of outcomes), participants initially were aware of the same subset of outcomes, i.e., $14.00, $20.00, and $25.00, and their relative likelihoods. They also were aware that there were hidden outcomes. Different from Treatment AU1, participants did not know the total number of outcomes. The hidden outcomes and associated relative likelihoods were represented as "?..." (see Figure 7 in Appendix A.3). As in treatments U and AU1, if the lottery was chosen by participants, and the hidden outcome was realized, there was a notice in red color displayed on the screen: "Surprise! The lottery has actually another possible payment of $0.00 (or $8.00), which was not described on the previous page!" Moreover, this outcome and its relative likelihood were displayed in later periods. As soon as both hidden outcomes were realized, the "?..." did not show in the lottery afterwards.
In phase 2 of Treatment A (ambiguity treatment), participants knew the five outcomes of the lottery. Only the relative likelihoods associated with outcomes $14.00, $20.00, and $25.00 were displayed to them but the relative likelihoods associated with $0.00 and $8.00 were not displayed, see Figure 8 in Appendix A.3 for a screenshot. This treatment features ambiguity or Knightian uncertainty.
At the end of the experiment participants were paid for one period only. This period was selected randomly and independently for every participant. The reward earned in such period and the show up fee were summed up to the final payments to participants. Participants were upfront informed about how their payments are calculated.
Results
The datasets and Stata do-file that reproduce the entire analysis reported here and additional analysis are available from http://www.econ.ucdavis.edu/faculty/schipper/.
We had 437 participants who took part in our experiment of 16 sessions in total. Each session took 45 to 55 minutes. The numbers of subjects in each session varied from 22 to 34.
On average, there were 27 subjects in each session. The show-up fee was $5.00, and the final payment varied from $5.00 to $30.00. The mean of the final payments was $18.18, and the standard deviation was 5.49. Table 3 shows numbers of subjects in each treatment. Table 4 summarizes the demographics of the data as elicited with the questionnaire (see Section A.2). 2 241 participants (55%) have taken a course in microeconomics, game theory, decision making, or economics of uncertainty before. Out of the 436 participants, 274 (63%) are female. One subject did not provide gender or age information. Most of the subjects are asian-americans (62%) followed by whites (29%). Ten subjects did not provide information on their GPA. To test whether risk preference differ between treatments, we regress participants' approximate certainty equivalents of phase 3 on dummies indicating treatments (with the control treatment as omitted variable) using OLS. Within each phase, we define each participant's approximate certainty equivalent as the average of the maximum sure payment foregone in favor of the lottery and the minimum sure payment accepted over the lottery. Note that this provides us with an approximate certainty equivalent even in case that the participant displays multiple switch points between sure payments and lottery. The results are presented in specification b1 in Table 5 . We observe no significant difference between treatments (relative to the control treatment). To put the size of the coefficients into perspective, consider that the average approximate certainty equivalents are $7.06, $6.90, $7.35, $6.62, and $6.80 in treatments C, U, AU1, AU2, and A, respectively. Thus, we don't believe that there is just lack of power.
Similarly, in Table 6 we analyze how the change of certainty equivalents from phases 1 to 3 is affected by the treatments (with-in-subjects). Specification w1 in Table 6 shows that there are no significant treatment effects.
One potential problem is measurement error, which is known to produce an attenuation bias. In particular, quite a number of participants behave inconsistently with von NeumannMorgenstern utility theory in the sense that they display multiple switches between the lottery and sure payments. Table 7 presents for each treatment the fraction of participants who are consistent in phase 3 and the fraction of participants who are consistent both in phases 1 and 3. Consistency is not significantly different across treatments. See Table 8 in the Appendix for a probit regressions of consistency on treatments controlling for demographics. Significance levels: *10%; ** 5%; *** 1%
Specifications b2 in Table 5 shows that certainty equivalents also do not differ significantly across treatments when restricting regressions to participants who are consistent in phase 3 (between subjects). Specification w2 in Table 6 shows an analogous result for differences of certainty equivalents between phases 1 and 3 across treatments (in within-subjects). Of course, restricting to consistent participants reduces the number of observations.
Controlling for demographics, gpa, whether or not the participant took a course in economics, and how they answered questions on risk preferences and attitudes to novelty in the questionnaire (see Appendix A.2) still allows not to reject the null hypothesis no matter whether we consider all participants (specifications b3 and w3 in Tables 5 and 6 , respectively) or restrict to consistent participants only (specifications b4 and w4 in Tables 5 and 6 , respectively).
So far, the analysis focused on average approximate certainty equivalents. Figure 9 in the Appendix presents scatter plots which show tuples of approximate certainty equivalents of phases 1 and 3 by treatment. The size of the circles indicate the size of the frequency of each tuple. These figures do not suggest to us that there could be systematic differences among subgroups or quantiles between treatments.
We summarize the finding as follows:
Observation 1 (Between-subjects) We cannot reject the null-hypothesis that certainty equivalents in phase 3 do not differ across treatments.
Observation 2 (Within-subjects) We cannot reject the null-hypothesis that differences of certainty equivalents of phases 1 and 3 do not differ from zero across treatments.
Discussion
Although one of the authors has been involved in the theoretical literature on unawareness and as such frequently assumed that risk preferences are invariant to unawareness, he always felt at unease with the assumption and did not believe that it would hold up in an experiment. That's why we intentionally designed a "weak" test of this assumption in the sense that if we were to reject the null-hypotheses this would be strong evidence that risk preferences are not invariant to exposure to unawareness. Ex ante expected that we can reject the invariance (especially with the result by Mengel, Tsakas, and Vostroknutov 2015, in mind; see below). To our surprise, as it turns out in our data, we were not able to reject the null-hypotheses use relative likelihood rather than probabilities as it allows us to also quantify uncertainty for outcomes even in case when not all outcomes of the lottery is disclosed, which is relevant for phase 2 that differs by treatments (see below). This does not mean, however, that we are ready to easily accept the null-hypothesis because our test is "weak". First of all, we did not reject the null-hypotheses given a particular lottery. It does not mean that there couldn't be other lotteries for which the null-hypothesis could be rejected. We plan to follow up on this in future research. Yet, we report our preliminary results here in order to commit ourselves to distinguish clearly between our ex ante and ex post hypotheses.
Second, the effect of unawareness in phase 2 may be too small. Participants in our experiments were just unaware of some positive monetary outcomes in a lottery. It is hard to believe that exposure to such unawareness, awareness of unawareness, and ambiguity by a lottery in a lab experiment is comparable to mind-changing, life-changing and transformative experiences that raise your awareness of important events. Indeed, field experiments suggest that lifechanging crises may affect risk preferences. Nishiyama (2006) claims that the Asian crisis of 1997 led to a persistent increase in US banks' risk aversion. Callen et al. (2014) and Kim and Lee (2014) claim that elicited risk aversion increases after exposure to violence or war. It is obvious that mind-changing experiences are hard to create in a lab environment. Yet, it may be already worthwhile to expose subjects to contexts in which they are unaware of negative payoffs in lotteries. This is left for future research.
Regarding the first point, Mengel, Tsakas, and Vostroknutov (2015) present an experiment in which they measure risk aversion using several lotteries. Their experiment consists of two phases. In the first phase, participants first choose between a fixed lottery and varying sure outcomes. There are three treatments that differ in the amount of information available about the lottery including one treatment where there is awareness of unawareness and participants do not know the number of outcomes they are unaware of. (This treatment corresponds most closely to our treatment Awareness of Unawareness 2). In the second phase of their experiment, which is identical in all treatments, participants choose between different lotteries and sure outcomes with all information available. The main finding is that participants who have been exposed to hidden information in the first phase seem to become more risk averse in the second task. Their design and analysis differs in some crucial points from ours. Obviously our design allows also for within-subjects analysis while their design does not allow this. On the other hand they could approximate certainty equivalents for various lotteries (which unfortunately they do not report) while we just focus one lottery. We use relative likelihood of outcomes in lotteries whereas they use probabilistic information or are simply silent on the probabilities of outcomes.
Moreover, their analysis assumes either mean-variance preferences or CRRA preferences while we assume only von Neumann-Morgenstern preferences. Yet, what we think is most important is that in their design there are less outcomes of the lotteries in the second phase than in the first phase. In particular, lotteries in the second phase consist only of two outcomes whereas lotteries in the first phase involve seven outcomes with some being initially hidden depending on the treatment. Thus, participants may still expect in the second phase that some outcomes are hidden (simply because they were used to more outcomes before in phase 1 or depending on the treatment they experienced previously that some outcomes were hidden). Hence, they may behave more cautiously in phase 2 especially after treatments where information was hidden.
If their positive result is indeed an artefact of this effect, then our design avoids this by having the same number of outcomes in all phases.
Lastly we like to comment on the nature of information provided to subjects in our unawareness treatment. Conducting experiments involving participants' unawareness of outcomes of the lottery makes is necessary to not disclose everything to participants. This is simply unavoidable. If we were to tell participants upfront that there could be outcomes of the lottery not previously described then we would already change the participants' mind as unawareness of unawareness would turn into awareness of unawareness. This is precisely the difference between our unawareness treatment and the treatment on awareness of unawareness 2. Not disclosing everything to participants in an experiment should not be confused with lying to participants. Every piece of information conveyed in the instructions is truthful and verifiable. We are just silent on some outcomes of the lottery. (In fact the information provided to participants is akin to the notion of information in games of verifiable information, e.g., Milgrom and Roberts, 1986 .) In some sense in almost all economic experiment in the literature participants are not told literally everything about the experiment. Very often the very purpose of an experiment is concealed from participants for the fear that knowledge of the purpose may affect their behavior. Yet, we acknowledge that our experiment involves an unusual degree of non-disclosure.
Similar to the effect of lying to participants, not disclosing everything that is relevant to the participants' decisions may lead them to mistrust our instructions in later experiments. We mitigate this by keeping track of who participated in which experiment using ORSEE (Greiner, 2004 ) and will exclude participants in the unawareness treatment from future experiments. It appears though that it did not affect behavior in the current experiment since we were unable to find significant differences between our treatments.
Instructions
Thank you for participating in this experiment. You will receive at least a $5.00 show up fee for your participation. You can earn additional money with the choices you make in the experiment. So please read the following explanations carefully.
During the experiment you are not allowed to communicate with each other. If you have any questions please raise your hand. An experimenter will come to answer your questions.
The experiment consists of 3 phases, in each phase there are 16 periods. Altogether there are 48 periods. In each period you will choose between a lottery and a sure money payment. In each phase, the lottery is the same in all periods but the sure money payment may vary from period to period. However, the lotteries can be different between phases.
Here is an example of one period in phase 1:
Lottery
Sure money payment $2.00 $5.00 $7.00 $4.50 4 times as likely as $2.00 payment 2 times as likely as $2.00 payment
In this example, if you choose the sure money payment you will receive $4.50. If you choose the lottery then you might receive $2.00, $5.00, or $7.00. Below each possible payment, we write how likely it is relative to the $2.00 payment. For example, the chance that you receive $2.00 is the smallest among the three possible money payments; the chance that you receive $7.00 is twice as likely as $2.00; the chance that you receive $5.00 is four times as likely as $2.00. Thus, the chance that you receive $5.00 is twice as likely as $7.00. Perhaps the following diagram helps you understand the lottery. In this diagram, the length of the bar indicates the likelihood of each payment. The longer the bar for the payment, the more likely the payment is.
In case you choose the lottery you will be informed after your choice about which money payment of the lottery has occurred. Here you are still choosing between a lottery and a sure money payment. The difference is that you will be given a different lottery. If you choose the lottery then you might receive $3.00, $5.50, or $8.00. Below each possible payment, we write how likely it is relative to the $2.00 payment. For example, the chance that you receive $5.50 is the smallest among the three possible money payments; the chance that you receive $3.00 is twice as likely as $5.50; the chance that you receive $8.00 is three times as likely as $5.50.
IMPORTANT NOTE: In ALL periods in phase 2, the actual lottery is EXACTLY THE SAME, both in terms of all the possible payments and how likely you might receive them.
Phase 3 is identical to phase 1.
At the end of the experiment you will be paid for one period only. This period will be selected randomly. The reward earned in this period will be paid to you privately immediately after the experiment together with the show up fee of $5.00.
After finishing the experiment but before receiving the payment, you will need to fill in a questionnaire. In the questionnaire we will ask you to provide some demographic information about yourself. This questionnaire does not affect your payment. Moreover, data are collected anonymously so that privacy is respected.
Instructions
The experiment consists of 3 phases, in each phase there are 16 periods. Altogether there are 48 periods. In each period you will choose between a lottery and a sure money payment. In each phase, the lottery is the same in all periods. However, the lotteries can be different between phases.
Lottery Sure money payment $2.00 $5.00 $7.00 $4.50 4 times as likely as $2.00 payment 2 times as likely as $2.00 payment
In case you choose the lottery you will be informed after your choice about which money payment of the lottery has occurred. In case you choose the lottery you will observe the realized payment immediately.
IMPORTANT NOTE: in ALL periods in phase 2, the actual lottery is EXACTLY THE SAME, both in terms of all the possible payments and how likely you might receive them relative to the least likely payment.
After finishing the experiment but before payment, you will need to fill in a questionnaire. In the questionnaire we will ask you to provide some demographic information about yourself. This questionnaire does not affect your payment. Moreover, data are collected anonymously so that privacy is fully respected.
Here is an example of one period in phase 1: In this example, if you choose the sure money payment you will receive $4.50. If you choose the lottery then you might receive $2.00, $5.00, or $7.00. Below each possible payment, we write how likely it is relative to the $2.00 payment. For example, the chance that you receive $2.00 is the smallest among the three possible money payments; the chance that you receive $7.00 is twice as likely as $2.00; the chance that you receive $5.00 is four times as likely as $2.00. Thus, the chance that you receive $5.00 is twice as likely as $7.00. Perhaps the following diagram helps you understand the lottery. In this diagram, the length of the bar indicates the likelihood of each payment. The longer the bar for the payment, the more likely the payment is.
In case you choose the lottery you will be informed after your choice about which money payment of the lottery has occurred. Here you are still choosing between a sure money payment and a lottery. The difference is some possible payment and how likely you might receive such payment are hidden. Each column with a question mark "?" represents one hidden possible payment. In case you choose the lottery you will observe the realized payment immediately. If a hidden payment occurs, you will learn immediately its value and how likely you might receive it relative to the least likely payment.
For example, if you choose the lottery and the hidden payment occurs, which in this example is $8.00, then you will observe:
IMPORTANT NOTE: in ALL periods in phase 2, the actual lottery is EXACTLY THE SAME, both in terms of all the possible payments and how likely you might receive them. In addition, some hidden payments will be revealed to you over time. When this happens you will observe them on your screen.
When you finish this experiment, you will need to fill in a questionnaire. In the questionnaire we will ask you to provide some general information about yourself. This questionnaire does not affect your payment. In this example, if you choose the sure money payment you will receive $4.50. If you choose the lottery then you might receive $2.00, $5.00, or $7.00. Below each possible payment, we write how likely it is relative to the $2.00 payment. For example, the chance that you receive $2.00 is the smallest among the three possible money payments; the chance that you receive $7.00 is twice as likely as $2.00; the chance that you receive $5.00 is four times as likely as $2.00. Thus, the chance that you receive $5.00 is twice as likely as $7.00. Perhaps the following diagram helps you understand the lottery. In this diagram, the length of the bar indicates the likelihood of each payment. The longer the bar for the payment, the more likely the payment is.
In case you choose the lottery you will be informed after your choice about which money payment of the lottery has occurred. Here you are still choosing between a sure money payment and a lottery. The difference is some possible payments and how likely you might receive such payments are hidden. Each column of the question mark "?..." represents some hidden possible payments or how likely you might receive them. How many possible payments there are in total is hidden. In case you choose the lottery you will observe the realized payment immediately. If a hidden payment occurs, you will learn its value and how likely you might receive it relative to the least likely payment.
For example, if you choose the lottery and the hidden payment occurs, which is $3.00, then you will observe it as a possibility afterwards:
Lottery
Sure money payment IMPORTANT NOTE: in ALL periods in phase 2, the actual lottery is EXACTLY THE SAME, both in terms of all the possible payments and how likely you might receive them. In addition, some hidden payments will be revealed to you over time. When this happens you will observe them on your screen.
When you finish this experiment, you will need to fill in a questionnaire. In the questionnaire we will ask you to provide some general information about yourself. This questionnaire does not affect your payment.
Instructions
In case you choose the lottery you will be informed after your choice about which money payment of the lottery has occurred. Here you are still choosing between a lottery and a sure money payment. The difference is that the information on how likely you might receive the payment $8.00 is hidden.
IMPORTANT NOTE: in ALL periods in phase 2, the actual lottery is EXACTLY THE SAME, both in terms of all the possible payments and how likely you might receive them.
A.3 Screenshots Figure 1 shows the lottery and the sure payment in phases 1 and 3. Participants needed to make a choice on this page. If the lottery was chosen, Figure 2 displays the realized outcome of the lottery as the reward of that period. Figure 4 is the screen displayed to participants if the lottery was chosen and a hidden outcome $0.00 was realized. After that, the outcome $0.00 and its relative likelihood were always displayed in the lottery, shown in Robust standard errors (clustered at the subject level) in parentheses. Significance levels: *10%; ** 5%; *** 1% 
